Abstract: DC microgrid with photovoltaic and energy storage has been attracted widespread attention due to its high reliability and flexibility. In order to solve the problem that the power of DC microgrid cannot be self balanced due to the no uniformity and uncertainty of the output of photovoltaic power in the photovoltaic DC storage microgrid. In this paper, a power balance control method based on the DC bus voltage signal autonomous switching mode is proposed, this method can effectively stabilize the power fluctuation and maintain the power balance in the network, and enhance the safe and reliable operation ability of the optical storage DC microgrid. Finally, the feasibility and effectiveness of the proposed control method are verified by experiments.
Introduction
With the maturity of distributed generation technology, DC microgrid emerges as the times require. DC microgrid is a small power distribution and distribution system, which is composed of distributed power supply, power electronic converter, energy storage device, load and monitoring and protection equipment [1, 2] . Among them, DC microgrid with photovoltaic and energy storage is popular because of its high reliability and flexibility. Compared with the traditional large power grid, there is no frequency and reactive power loss in the DC microgrid with photovoltaic and energy storage, which can effectively solve the local power supply problem in the island desert region. However, photovoltaic power supply in photovoltaic DC microgrid has randomness and uncertainty characteristics, its output power will change with the change of light intensity, temperature and other factors. Energy storage devices are often used to stabilize the power fluctuations caused by photovoltaic power generation in the DC microgrid. At present, there are two control modes of DC microgrid: centralized control and distributed control [3] .The voltage hierarchical control strategy is usually used to ensure the stability of the bus voltage in the DC microgrid under these two control modes, and the DC bus voltage is used as the criterion to judge whether the power in the microgrid is balanced [4] . A voltage coordination control strategy for optical storage DC microgrid is proposed in reference [5, 7] , the DC microgrid operation mode is divided into several layers, and the DC bus voltage is used to determine the working state of the photovoltaic and energy storage interface converter in the DC microgrid, the control mode is flexible, but it depends too much on the operation mode judgment. Judging the existing error will cause the converter working mode disorder. Document [8] proposes a multi-agent control strategy for distributed control of composite energy storage without central controller and centralized communication greatly improve the flexibility of the distributed energy storage device, but the working mode of the energy storage unit cannot be independently switched. Document [9] based on hierarchical control of bus voltage, aiming at the energy storage device damage caused by frequent charging and discharging of energy storage device in the optical storage DC microgrid, proposed an improved automatic charging and discharging control strategy for energy storage device, the working mode of the energy storage system is increased only according to the fluctuation range of the bus voltage. Compared with the traditional control strategy, the improved charging and discharging control strategy cannot show that the improved control effect is better. In literature [10] , a hierarchical coordinated control for composite energy storage is proposed including distributed control and centralized control and centralized control, through online iterative realization of two voltage and independent state of charge recovery, and proposes a novel distributed control algorithm, the improved droop control to achieve the purpose of power sharing, balance the energy storage unit of output.
In this paper, an autonomous power balance control method is proposed for the photovoltaic (PV) DC microgrid, which is unable to balance the power within the grid due to the fluctuation of the photovoltaic power output. The method is based on maximum power point tracking (MPPT) control for photovoltaic unit interface Boost converter. The energy storage unit interface bidirectional DC/DC converter adopts droop control to switch the charging and discharging state automatically according to the DC bus voltage signal, controlling the power fluctuation in the network and maintaining the power balance, and verify the feasibility and effectiveness of the control method through the experiment.
Autonomous Power Balance Control
In this paper, DC microgrid with photovoltaic and energy storage, such as photovoltaic cell, energy storage battery and load connected to common DC bus, is constructed, which is composed of a simple optical storage DC micro grid, as shown in figure 1.Because the output uncertainty of PV unit will lead to the imbalance of power in the grid, it is necessary to use energy storage unit to peak load and fill valley. When the PV unit output is insufficient to meet the local load requirements or the PV unit output power surplus, the energy storage unit can be orderly charged and discharged through the autonomous power balance control method, so as to achieve the power balance within the network. The photovoltaic unit interface selects the boost Boost converter to realize the boost and maximum power point tracking (MPPT) functions. The Bi-DC/DC converter is selected as the interface of the energy storage unit, and the function of peak clipping and valley filling is realized through the energy storage unit, so as to achieve the purpose of stabilizing the bus voltage. The self power balance control takes the DC bus voltage as the control signal, and divides the allowable working range of the bus voltage into 2 layers, corresponding to the 2 working modes respectively. The output characteristic curve of each interface converter under autonomous power balance control is shown in figure 2 . According to the principle of maximum utilization of renewable energy, the photovoltaic unit has the highest priority for load power supply. When the PV unit cannot meet the load power, the battery energy storage unit is added to the missing power.
Mode 1: u bus is 92~100V. When the load power is small, the PV unit emits much more power than the load power, the photovoltaic unit interface Boost converter operates in the MPPT control mode, the PV unit output surplus power is controlled by the battery to absorb the surplus power and maintain the bus voltage stability.
Mode 2: u bus is 80~92V. The power load increases, the PV interface Boost converter is still working in the MPPT control mode, PV unit cannot meet the local load, battery using droop control to supplement the power shortage to maintain the stability of the bus voltage. The block diagram of the Bi-DC/DC converter in the storage battery interface is shown in Figure 5 , using complementary PWM driving mode, and droop control is adopted on the basis of voltage and current double closed loop. By sampling the load current i load of Bi-DC/DC converter and multiplying the droop coefficient k b , the DC bus voltage variation is obtained. The DC bus voltage variation is subtracted from the bus voltage reference value and the actual bus voltage value, resulting in a new given reference value, the reference value is obtained by the voltage regulator and the current reference value i batref of the battery is obtained, this reference value is subtracted from the actual battery current i bat and then fed into the current regulator, thus the PWM signal of the Bi-DC/DC converter of the battery interface of the energy storage unit is obtained, d b is the duty cycle of the switch tube. Figure 5 . Experimental Platform.
Bidirectional DC/DC Converters

Experimental Verification
The experimental platform of the DC microgrid is constructed in the laboratory as shown in Figure  6 . The photovoltaic unit is simulated by the method of DC source series resistance, and the battery is used in the energy storage unit, and the controller adopts TMS320F28335. On the basis of the experimental platform, the experimental verification was carried out. The parameters of the experimental platform are shown in table 1. Firstly, the DC source constant current output is simulated, and the MPPT control experiment of photovoltaic unit is carried out. DC source output constant voltage is 50V, and controlling the DC source output current to be 4.5A. The load sudden increase experiment was carried out and sudden decrease. The experimental results are shown in Figure 7 and Figure 8 . The load from 30Ω to 20Ω, then cut back to 30Ω, the load current iload rises from 2.7A to 3.4A with the increase of load power, the bus voltage u bus drops from 82V to 67V, and when the load suddenly increases back to 30Ω, voltage and current return to 82V and 2.7A. Through the above experiments, the DC source output is 4.5A, achieving the simulation effect. Figure 9 and Figure 10 . The load from 80Ω to 40Ω, the current i load from 1A to 1.9A with the increase of load power, the bus voltage u bus drops from 80V to 78V. In order to stabilize the DC bus voltage and maintain power balance, the battery current rises from 1.6A to 3A to compensate for the power shortage. Similarly, when the load from the 40Ω back to 80Ω, the battery energy storage unit can still balance the output well according to the droop control. Realizing the function of peak shaving and valley filling for accumulator energy storage unit. In the automatic power balance experiment of the DC microgrid with photovoltaic and energy storage, the DC source is used to simulate the photovoltaic unit, adopting MPPT control. As the DC source, the battery energy storage unit keeps the voltage 50V and controls the current to be constant 4.5A. The battery uses droop control which coefficient k b is 2.84, voltage setting value u busref is 91.5V of the bus. Experimental results regulating load from 120 to 20, and then back to 120 are shown in figures 11 and 12. When the load is switched from 120 to 20 suddenly, the load current i load rises from 0.8A to 4.3A, the bus voltage u bus drops from 96V to 86V, regulating converter interface from mode 1 to mode 2, adjusting PV units to work in MPPT control mode, switching the battery energy storage unit from the charging state to droop control discharge condition are in order to maintain the stability of the bus voltage. When the load suddenly increases, the load power reduces, regulating converter interface from mode 2 to mode 1, current i bat of the battery decreasing from 3.7A to -2.7A, holding current of DC source analog PV unit MPPT outputting i pv at 4.5A, the working state of battery is changed from discharge state to sag charging state in order to store the surplus power of PV output. The method of autonomous power balance can achieve effectively the automatic switching of the mode of the optical storage unit, and maintain the power balance in the optical storage DC microgrid. 
Conclusion
In this paper, photovoltaic and energy storage DC microgrid as the research object. A method of autonomous power balance control is proposed, from which can get the following conclusions: The control method can automatically change the working mode according to the change of DC bus voltage, coordinate output of photovoltaic and energy storage unit, realization of power balance in DC microgrid with photovoltaic and energy storage.
